a EA is most reliable element counts for bulk sample. The lower carbon content and the higher oxygen and hydrogen contents than theoretical calculation should be due to trapped small molecules (moisture, oxygen, and etc.) in the holes and interlayers of the C 2 N-h2D crystal.
b XPS is more sensitive to surface chemical composition.
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a 50 FET devices were measured under 5 × 10 -6 torr.
b The off current was averaged over the turn-off state.
c The standard deviation.
d Calculated with the minimum off current.
e Calculated with the average off current.
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Supplementary Note 1
In the high resolution C 1s spectrum, the dominant C 1s signals are centered at approximately 285.55 eV (graphitic sp 2 C-C and sp 2 C-N). The C1s spectra can be deconvoluted into 285.13, 286.23 and 288.8 eV (Fig. S5a) . The peaks at 285.55 and 286.23 eV are assigned to sp 2 C-C and sp 2 C-N, respectively, in the aromatic ring, whereas the minor peak at 288.8 eV is attributed to the C-heteroatom, e.g., sp 2 C=O, sp 2 C-NH 2 at the edges (see structure 1 in Fig. S2) . The N 1s spectrum shows only one major peak at 399.56 eV for the pyrazine-like nitrogen in the system and a very small peak at 398.36 eV for the C-NH 2 at the edges (Figs. S4b and S5b) S1,2 . The presence of O 1s peak in the C 2 N-h2D crystal can be attributed to the trapped substances such as moisture and O 2 in the holey structure (Fig. S5c) , as well as the residual carbonyl (C=O) groups at the edges (see structure 1 in Fig. S2 ) 3 . Indeed, the heattreated sample at 700 °C displayed a significantly reduced intensity of O 1s peak, while that of N 1s peak remained almost constant (Fig. S6) . The result implies that the O1s peak before annealing has mostly contributed to the trapped substances in the holes and interlayers.
Supplementary Note 2
Measurement of LUMO and HOMO by cyclic voltammogram. To investigate the LUMO energy
level of the C 2 N-h2D crystal, the cyclic voltammogram was measured by using a standard threeelectrode system, which consists of a glassy carbon as the working electrode, a platinum mesh as the counter electrode, and a silver wire as the reference electrode. Acetonitrile containing 0.1 M tetrabutylammonium hexafluorophosphate (TBAPF 6 ) was used as the supporting electrolyte. The 
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All electrochemical measurements were carried out under an ambient pressure and nitrogen atmosphere.
• Working electrode: glassy carbon Based on these data, the HOMO and LUMO can be calculated to be -5.59 and -3.63 eV, respectively.
HOMO was calculated using the optical band-gap of 1.96 eV. (Fig. S14b) . The crossing area of the stacked crystals was brighter than the other thin part (Fig. S14c) . Gold electrodes of the transistors were patterned with conventional e-beam lithography (the typical channel width-to-length ratio (W/L) = 13, L = 500 nm) to construct bottom-gate top-contact FET. The hole motilities were extracted from the saturation regime of the transfer characteristics using the following equation (3): (3) where I DS is the drain current, μ is the field-effect mobility, C i is the specific capacitance of the dielectric, V GS is the gate voltage, V th is the threshold voltage, and W and L are channel width and length.
Supplementary
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Supplementary Methods
Materials. All the solvents, chemicals and reagents were purchased from Aldrich Chemical Inc., unless otherwise stated. Anhydrous NMP and glacial acetic acid were degassed with nitrogen purging before use. All the reactions were performed under nitrogen atmosphere using oven dried glassware. First-principle calculations. For computations, we used the Vienna Ab initio simulation package (VASP) to calculate the ground state of many electrons system in the frame work of density functional theory 9-12 . The plane-wave basis set with an energy cut-off of 400 eV and the PBE-type gradientcorrected exchange-correlation potential were employed 13 . The ions were described by the projector augmented wave (PAW) potentials. In the self-consistent-field total energy calculations, the k-points are uniformly sampled over the reciprocal space of the two-dimensional triangular lattice with mesh 21 by 21. All the atomic positions of were relaxed within residual forces smaller than 0.0eV/Å .
